The treatment and prognosis of labral tears of the hip depend primarily on whether there is concomitant injury of the adjacent acetabular articular cartilage. We asked whether a delamination cyst on the preoperative plain radiographs correlated with delamination of the acetabular articular cartilage at the time of hip arthroscopy. We reviewed the preoperative radiographs of 125 consecutive hips that had a labral tear at hip arthroscopy for the presence of a delamination cyst. A delamination cyst was defined as an acetabular subchondral cyst either directly adjacent to a lateral acetabular cyst or in relation to a subchondral crack in the anterosuperior portion of the acetabulum. All patients with acetabular cartilage delamination at arthroscopy were identified. There were 16 patients with delamination cysts on radiographs and 15 patients with cartilage delamination at arthroscopy. A delamination cyst on the preoperative anteroposterior and/or frog lateral radiographs of the hip accurately predicted acetabular cartilage delamination, especially in hips with labral tears not caused by a major trauma. A delamination cyst is a previously unrecognized and novel radiographic sign that can preoperatively identify acetabular cartilage delamination in patients with labral tears, thereby facilitating the selection of the appropriate surgery and determining prognosis. Level of Evidence: Level II, diagnostic study. See the Guidelines for Authors for a complete description of levels of evidence.
Introduction
The prognosis of patients with labral tears is multifactorial, but status of the acetabular cartilage remains the most important factor in predicting patient outcome [6, 17, 34, 42] . As a result, treatment of labral tears depends on the severity of the labral injury and whether there is concomitant injury and delamination of the adjacent articular cartilage. Femoroacetabular impingement is recognized as one of the major causes of labral tears of the hip [24, 36, 45, 46] . Depending on the status of the acetabular articular cartilage, labral tears secondary to femoroacetabular impingement can be treated by various surgical procedures, including arthroscopic débridement, labral reattachment, labral surgery with concomitant chondral microfracture, or labral surgery with open or arthroscopic femoral head-neck osteochondroplasty [8, 10, 11, 30, 31, 34, 39, 40] . The outcomes, complications, and postoperative recovery after these procedures are very different [6, 10, 16, 17, 30, 31, 37, 42] . Therefore, preoperative knowledge of the status of the articular cartilage adjacent to the labral tear is critical for appropriate surgical decision making and for counseling patients regarding their prognosis and recovery. There currently is no simple and reproducible noninvasive technique to determine if there is delamination of the acetabular articular cartilage adjacent to a labral tear [5, 7, 15, 23, 43] . To date, the only accurate method of assessing Each author certifies that he or she has no commercial associations (eg, consultancies, stock ownership, equity interest, patent/licensing arrangements, etc) that might pose a conflict of interest in connection with the submitted article. Each author certifies that his or her institution has either waived or does not require approval for the human protocol for this investigation and that all investigations were conducted in conformity with ethical principles of research. M. Gdalevitch, K. Smith, M. Tanzer (&) Division of Orthopaedic Surgery, McGill University, 1650 Cedar Avenue #B5159, Montreal, QC, Canada H3G 1A4 e-mail: mtanz@canada.com the acetabular cartilage is by observation during arthroscopy [7, 12, 13, 24, 25, 38, 44] .
The purpose of this study was to identify patients who underwent hip arthroscopy for a labral tear and who had delamination of the articular cartilage and then to correlate the delamination with the presence of a previously undescribed finding on the preoperative plain radiographs, a delamination cyst. Additionally, we assessed all the delamination cysts to determine their location, size, appearance, and associated radiographic findings. Finally, we determined the sensitivity and specificity of the delamination cyst to predict articular cartilage delamination.
Materials and Methods
We identified from our prospective surgical database 142 consecutive hips (140 patients) that underwent a hip arthroscopy by the senior author (MT) between July 2001 and December 2006 and had a labral tear. Of the 142 hip arthroscopies, 17 hips (17 patients) were excluded because we could not obtain their preoperative radiographs. Therefore, 125 hips in 123 patients were available for review. There were 98 female patients and 23 male patients, with an average age of 39 years (range, 15-72 years). The labral tear involved the right hip in 64 cases and the left in 61 cases.
All patients in this study had hip arthroscopy in the supine position on a fracture table with an offset perineal post and the involved leg abducted 20°to 25°. Under fluoroscopic guidance, we applied traction to the leg and a standard anterolateral portal was established [9] . After we inserted a 70°scope, the anterior portal was established and we performed arthroscopy of the hip. All patients who had a labral tear, either isolated or in conjunction with other hip disorders, were included in this study.
From the prospective surgical database, we obtained patient demographics, presence or absence of mechanical symptoms, disease duration, onset of symptoms as classified by Byrd and Jones [4, 6] (traumatic from a major trauma such as violent impact or dislocation, acute from a twisting episode, or a well-defined precipitating event or insidious with a gradual onset and worsening symptoms), preoperative radiographic findings, and intraoperative findings. In each case, the preoperative anteroposterior (AP) pelvis and AP, lateral, and frog lateral hip radiographs were reviewed by a blinded independent observer (MG) for the presence of boney abnormalities of the acetabulum and/or femur and arthritic changes [2, 16, 18, 27, 46] . The radiographs were examined carefully to identify any subchondral acetabular cysts. Subchondral cysts in the lateral aspect of the roof of the acetabulum have been described in association with a labral tear [14, 20, 44] . The presence of these lateral acetabular cysts and delamination cysts was recorded for each case.
A delamination cyst was defined as a cyst located in the anterolateral portion of the acetabulum either seen directly adjacent and medial to a lateral acetabular cyst ( Fig. 1A-B ) or as an isolated larger cyst with an associated crack in the acetabular subchondral bone (Fig. 1C ). The diameters of all acetabular cysts were measured and corrected for magnification of the radiograph using a radiograph magnification marker (Zimmer, Inc, Warsaw, IN).
We (MG) evaluated the preoperative radiographs for the presence of acetabular dysplasia by measuring the centeredge angle and acetabular index, acetabular retroversion by identifying a crossover sign, or femoroacetabular impingement characterized by a flake of bone at the lateral edge of the acetabulum or by an os acetabulum [18, 27, 41] . We evaluated the subchondral bone in the anterolateral region of the acetabulum to determine if it appeared normal, appeared irregular because it was not smooth and/or was thinner than the adjacent subchondral bone, or had a crack through it extending into the joint. In each case, we evaluated the preoperative radiographs for abnormalities of the femur associated with femoroacetabular impingement [16, 18] . In particular, we assessed all radiographs to determine if a pistol grip deformity was present and, if so, to quantify its severity by determining the degree of slip on the frog lateral view [26] . The degree of slip was classified as mild if it was less than 33%, moderate if it was 33% to 50%, and severe if it was greater than 50% [25] . We also assessed all radiographic views for the presence of osteophytes, sclerosis, and subchondral cysts of the femoral neck, particularly anteriorly. These femoral neck changes were believed indicative of hip impingement and were correlated with the presence or absence of acetabular cartilage delamination at the time of hip arthroscopy [18, 45] . All osteoarthritic changes were evaluated using the Tönnis classification [46] .
In each case, we confirmed the arthroscopic findings noted in the prospective surgical database from the patients' operative reports and intraoperative photographs. We thereby identified all the patients with labral tears and concomitant acetabular cartilage delamination at the acetabular-labral junction. Cartilage delamination was defined as the acetabular articular cartilage being present but either obviously detached from the underlying subchondral bone or easily lifted off the underlying bone with an arthroscopy probe (Figs. 2, 3). Exposed subchondral bone without an overlying cartilaginous flap was considered an arthritic change and not delamination.
Sensitivity, specificity, positive predictive value (PPV), and negative predictive value (NPV) of the presence of a delamination cyst were determined using preoperative radiographs of patients with a labral tear of the hip to predict acetabular cartilage delamination at the time of arthroscopy. A p value less than 0.05 was considered significant.
Results
Nineteen of the 125 hips (19 patients) who underwent hip arthroscopy for a labral tear had either a delamination cyst on the preoperative radiographs or had delamination of the acetabular articular cartilage at the time of hip arthroscopy. There were 14 men and five women ranging in age from 29 to 56 years (mean, 41 years). The right hip was affected in 13 patients and the left in six. The average duration of symptoms before arthroscopy was 45 months (range, 8-144 months). The labral tear was the result of major trauma in three patients, had an acute onset in six patients, and was insidious in onset in 10 patients. Mechanical symptoms were present in eight of the patients.
At arthroscopy, 15 of the 19 hips (12% of the 125 hips) had a tear of the labrum and delamination of the acetabular articular cartilage (Figs. 2, 3) ; that is, four of the hips had a delamination cyst but no cartilage delamination. In all cases, the labral tear was a partial-thickness tear of the anterior labrum at the acetabular-labral junction and there was delamination of the adjacent acetabular articular cartilage (Figs. 2, 3) . Overall, 47 of 125 hips (38%) had a lateral acetabular cyst. We identified a delamination cyst on the radiographs of 16 of the 125 hips (13%) with 11 having the adjacent cyst type and five having the cracked cyst type. Four of the 12 hips with adjacent cysts also had a crack in the acetabular subchondral bone (Fig. 1B) .
All delamination cysts were located in the anterosuperior region of the acetabulum and were identified on the AP and the frog lateral hip radiographs in 13 hips, on the frog lateral view in two of the hips, and on the AP view in one of the hips.
The diameter of the delamination cysts varied from 3 to 28 mm and had a mean diameter of 10 mm. The size of the cyst varied depending on the type, with adjacent cysts ranging from 3 to 14 mm (mean, 7 mm), adjacent cysts with a crack in the acetabular subchondral bone from 14 to 20 mm (mean, 17 mm), and cracked cysts from 15 to 28 mm (mean, 18 mm). The lateral acetabular cysts, which were present on the preoperative radiographs in 14 of the 19 hips, generally were smaller and ranged in diameter from 2 to 5 mm (mean, 3 mm) ( Fig. 2) .
We identified numerous associated radiographic findings. The preoperative radiographs showed a pistol grip deformity in 14 of the 15 hips with acetabular cartilage delamination. The degree of slip was mild in seven and moderate in seven of the hips. An anterior femoral neck osteophyte was identified in eight hips and six of the hips had flake of bone at the lateral edge of the acetabulum. Five hips had a retroverted acetabulum and two had mild acetabular dysplasia with a normal center-edge angle but an acetabular index of zero. No hips had normal femoral and acetabular anatomy. The subchondral bone in the anterolateral region of the acetabulum had a crack in nine hips, was irregular in seven hips, and normal in the remaining two hips. Arthritic changes were identified on the preoperative radiographs of six hips. Three hips had subchondral sclerosis (Tönnis Grade 1), two had partial cartilage interval narrowing (Tönnis Grade 2), and one had severe localized joint space narrowing (Tönnis Grade 3).
When we compared the radiographic evaluation and arthroscopic findings, there were four patients with delamination cysts who did not have articular cartilage delamination at the time of arthroscopy (false-positives) and three patients with no delamination cysts who had articular cartilage delamination at the time of arthroscopy (false-negatives). Therefore, in patients with a labral tear of the hip, using the presence of a delamination cyst on a preoperative radiograph to predict acetabular cartilage delamination resulted in a sensitivity of 80%, a specificity of 96.3%, a PPV of 75%, and a NPV of 97.2% (p = 0.04). Of the four hips with false-positive results (ie, a delamination cyst but no articular cartilage delamination), hip arthroscopy revealed a labral tear and normal acetabular articular cartilage in two hips. The other two patients were 45-and 62-year-old women who presented with a 1-and 2-year history, respectively, of hip pain and mechanical symptoms. Both hips had radiographic evidence of impingement, with one hip having a retroverted acetabulum and the other a pistol grip deformity with an anterior neck osteophyte. Their preoperative radiographs revealed only mild arthritic changes with subchondral sclerosis (Tönnis Grade 1). At arthroscopy, the articular cartilage adjacent to the labral tear was not delaminated, but there was a large, localized region where the acetabular cartilage was completely denuded thereby exposing the underlying subchondral bone. Both of these patients underwent hip arthroplasty within 2 years of their hip arthroscopy because of increasing pain and progressive arthritic changes on their radiographs. In two of the three patients with falsenegative results, those who had acetabular cartilage delamination at the time of arthroscopy but no preoperative delamination cysts, their labral tears were a direct result of a major traumatic injury and not the result of long-standing injury or overload to the labrum and hip. Excluding patients who had major trauma as the etiology of their labral tear, 99 hips had labral tears with either an acute or insidious onset. In this subgroup, there were three falsepositives and one false-negative, but at arthroscopy, two of the three patients with false-positives had a large, localized region where the acetabular cartilage was completely denuded from the underlying subchondral bone. In patients with labral tears secondary to nontraumatic etiology, the presence of a delamination cyst on a preoperative radiograph predicted acetabular cartilage delamination with a sensitivity of 92.3%, a specificity of 96.6%, a PPV of 80%, and NPV of 98.8% (p = 0.03).
Discussion
The status of the articular cartilage adjacent to a labral tear of the hip is a major determinant of the patient's outcome, and preoperative knowledge of the status of this cartilage is critical for appropriate surgical decision making and for counseling patients regarding their prognosis and recovery [6, 10, 17, 30, 31, 34, 42] . We identified patients who underwent hip arthroscopy for a labral tear and had delamination of the articular cartilage and then correlated the delamination with the presence of a previously undescribed finding on the preoperative plain radiographs, a delamination cyst.
Limitations of the study are that we do not have sequential radiographs and MR images of the patients, therefore, we do not know how much time is required after articular cartilage delamination before the delamination cyst becomes apparent on the plain radiographs. Most of the patients in this study were seen long after onset of their hip pain. Patients presenting with labral tears shortly after their onset may not have had sufficient time to allow the delamination cyst to develop.
Nonetheless, we have clearly established, in patients with a labral tear of the hip, the preoperative radiographic appearance of a delamination cyst in the anterosuperior portion of the acetabulum is highly predictive of concomitant acetabular cartilage delamination. This association is even more evident in patients who have a labral tear not caused by major trauma such as a violent impact or dislocation. A delamination cyst is best detected on the AP or frog lateral radiograph of the hip as either a cyst located directly adjacent and medial to a lateral acetabular cyst or as a larger cyst with an associated crack in the acetabular subchondral bone.
Preoperative studies have been relatively ineffective at showing articular cartilage injuries. This is particularly important clinically as as many as ½ to 2 .
3 of all labral tears seen during hip arthroscopy have associated articular cartilage damage, and it is the extent of this associated injury that is often the limiting determinant on the outcome of arthroscopic labral débridement [5, 6, 28, 30, 31, 42] . MRI arthrograms are accurate for preoperatively detecting labral lesions, but they have limitations in detecting associated acetabular cartilage delamination [5, 7, 15, 23, 43] . Investigators of several studies suggest arthritic changes or acetabular cartilage loss can be identified by preoperative MRI, but these studies do not specifically address cartilage delamination or nonarthritic cartilage injuries. Mintz et al. [32] did a retrospective review of 92 patients who underwent MRI of the hip and subsequent hip arthroscopy to evaluate the ability of noncontrast MRI with a small pixel size to identify arthritic changes of the acetabulum. Overall, normal cartilage could be differentiated from abnormal cartilage with a sensitivity of 92% and a specificity of 80%. Kassarjian et al. [22] retrospectively reviewed the MRI arthrograms and surgical findings in 11 hips that underwent surgical treatment for femoroacetabular impingement and were able to correctly identify cartilage loss in 10 of these hips. Schmid et al. [43] retrospectively reviewed 42 hips in which they correlated cartilage lesions seen on MRI arthrography with intraoperative findings. On average, the sensitivities and specificities of MRI arthrographic detection of cartilage damage was only 64% and 80%, respectively, and there was poor interobserver agreement. Schmid et al. [43] did not specifically report on cartilage delamination. Duffy et al. [15] compared the diagnosis from the MRI arthrogram with the findings at arthroscopy in 15 patients and reported the MRI arthrogram was particularly inaccurate when assessing for articular cartilage defects. Only Beaulé et al. [1] were able to identify acetabular cartilage delamination noninvasively. They reported on four consecutive patients who had delamination of the acetabular cartilage observed on MRI arthrography with gadolinium, which subsequently was confirmed at the time of surgical dislocation of the hip. However, this was a report on four cases and does not address the sensitivity and specificity of this diagnostic tool. In their study, for patients with labral tears secondary to a nontraumatic etiology, the presence of a delamination cyst on a preoperative radiograph predicted acetabular cartilage delamination with a sensitivity of 93.3%, a specificity of 96.6%, a PPV of 80%, and NPV of 98.8%.
The delamination cysts we identified on radiography are likely the result of shearing off or delamination of the acetabular articular cartilage, allowing access of the intraarticular joint fluid to the underlying subchondral bone. The anterosuperior location of the delaminated articular cartilage and the delamination cysts correlates with the location of damage to the hip previously reported for camtype femoroacetabular impingement [18, 19, 21, 29, 33, 35, 45] . This region of the acetabulum is best seen on the frog lateral view of the hip and explains why the delamination cyst was seen on this view in 92% of the cases. Radiographic findings of cam-type femoroacetabular impingement were seen in 93% of our patients with cartilage delamination. It is reasonable to speculate, if the impingement is repetitive and prolonged, the subchondral bone under the delaminated articular cartilage will continue to be impacted by the femoral head/neck region and can result in a microfracture of this region. This would allow the intraarticular fluid to be pumped from the joint into the surrounding bone, thereby creating a delamination cyst. The actual crack in the subchondral bone was observed on the preoperative radiograph in 50% of the cases. In this study, the patients presented an average of 45 months after the onset of symptoms from their labral tears, indicating their hips were exposed to continued impingement for an extended period after onset of the labral tears. At what time the delamination cyst became apparent on the plain radiograph is unknown because these patients were not seen at the onset of their hip pain or radiographed sequentially. Labral tears occurring from a major traumatic event such as a motor vehicle accident are infrequent, are sudden in onset, and usually occur in normal joints [3, 6, 45] . Unless the major trauma is associated with a fracture of the acetabulum, the nonrepetitive nature of the injury likely would preclude the exposed subchondral surface from fracturing and allowing seepage of the articular fluid into the acetabular bone. As a result, labral tears with delamination or shearing off of the acetabular articular cartilage, secondary to major trauma, should not be expected to be associated with a delamination cyst. This would explain why two of the three false-negatives were in hips that had experienced a major traumatic event and why the sensitivity of delamination cysts in predicting cartilage delamination increased from 80% to 93% in patients with labral tears secondary to a nontraumatic etiology.
Although the preoperative radiographic appearance of a delamination cyst was not predictive of cartilage delamination in the four hips that were false-positives, in two of these hips, it was still predictive of considerable damage to that adjacent acetabular cartilage. Both hips had radiographic evidence of femoroacetabular impingement and had exposed subchondral bone denuded of articular cartilage at the time of arthroscopy. Whether these two hips initially had acetabular cartilage delamination that progressed to frank acetabular arthritis by the time the hips underwent arthroscopy is uncertain. Nonetheless, the delamination cyst in these two cases correctly indicated a serious injury to the acetabular articular cartilage adjacent to the labral tear.
Knowing the status of the acetabular articular cartilage adjacent to the labral tear preoperatively is essential for appropriate surgical decision making and for counseling patients regarding their prognosis and recovery. Hip arthroscopy is useful in the treatment of labral tears, but labral excision alone does not completely resolve hip pain in patients with concomitant cartilage injury, with success rates of only 21% reported [5, 17, 35, 42] . Microfracture of the acetabulum or acetabular rim resection can be performed in conjunction with the arthroscopy, but in either case the chondral delamination will alter the prognosis and postoperative rehabilitation protocol [6, 8, 11, 28, 32, 39, 40, 42 ]. An open femoroacetabular osteoplasty with resection of as much as 1 cm of the rim of the acetabulum to remove the site of chondral delamination can be planned if preoperatively it is recognized the labral tear is associated with acetabular cartilage delamination [35] . Again, this procedure has different surgical risks and requires a different postoperative regime than simple hip arthroscopy for a labral tear.
A delamination cyst is a previously undescribed and novel radiographic sign that can accurately predict preoperatively which patients with labral tears have associated acetabular cartilage delamination. Results of our study show chondral delamination can be reliably inferred in these patients by the presence of a delamination cyst on plain radiographs, thereby minimizing the need to perform expensive special imaging with or without invasive infiltrations. Identifying these cysts preoperatively can aid the surgeon in selecting the appropriate surgical procedure and in predicting the prognosis and outcome of the planned surgery. Future studies with MRI to try to identify these cysts earlier at a stage when they are not seen on radiographs and the cartilage flap is smaller and less extensive may be warranted.
